OBJECTIVES: Atrial fibrillation (AF) is a significant risk factor for embolic stroke originating from the left atrial appendage (LAA). This is the first report of long-term safety and efficacy data on LAA closure using a novel epicardial LAA clip device in patients undergoing cardiac surgery.
INTRODUCTION
Atrial fibrillation (AF) is a well-established risk factor for the occurrence of stroke, and the thrombo-embolic origin in AF is very often related to the left atrial appendage (LAA) [1] . The standard of care for medical management of patients with AF remains oral anticoagulation [2, 3] , and current guidelines recommend treatment of patients with a CHA 2 DS 2 -VASC >1 [2, 3] .
In this regard, recent data indicate that LAA closure may be less inferior to anticoagulation in patients with AF in whom oral anticoagulation was deemed unsuitable [4] . Just recently, the European Society of Cardiology (ESC) has recommended that if patients are not amenable to anticoagulation (elevated CHA 2 DS-VASC and/or HAS-BLED scores), LAA occlusion may be warranted [2, 3] . Percutaneous approaches to LAA closure have set the basis for treating AF patients with contraindications to anticoagulation (elevated CHA 2 DS-VASC and/or HAS-BLED scores). In published series, anatomy-based selection for closure devices is necessary to accommodate individual anatomical variations. These anatomical limitations do not apply to the epicardial approach; however, current surgical closure offers only suboptimal results [5] . To the contrary, recent data indicate that the use of an epicardial LAA clip device during elective open heart surgery is safe and provides excellent early outcomes at 3 months after surgery [6, 7] . However, so far, only short-term reports are available for epicardial LAA clip occlusion while the long-term efficacy of this therapy concept remains to be elucidated.
In the present prospective 'first-in-man' clinical trial, for the first time, we report long-term outcomes of epicardial LAA clip occlusion in patients undergoing elective open heart surgery.
MATERIALS AND METHODS
This prospective device trial being registered at www. ClinicalTrials.gov (reference: NCT00567515), began in September 2007 with enrolment and was completed in July 2009 with a total of 40 patients with AF undergoing open heart surgery. While early outcome data for the initial 34 patients with regard to the feasibility of epicardial LAA clip placement and safety have been described previously [7] , in the present study, and for the first time, we report long-term outcomes of epicardial LAA clip occlusion in patients undergoing elective open heart surgery.
The primary inclusion criterion was elective cardiac surgery in adult patients with AF for which an ablation procedure was planned. Exclusion criteria were reoperation, known thrombus in the LAA, patients from the intensive care unit, a history of pericarditis, recent myocardial infarction (<90 days) and a known allergy to the devices component (Supplementary Table 1) . Computed tomography (CT) was used preoperatively to assess anatomy of the left atrium, pulmonary veins and LAA. Intraoperative transoesophageal echocardiography (TEE) was used to rule out LAA thrombus at baseline (exclusion criteria) and to evaluate LAA perfusion at the end of the procedure. Patients underwent serial follow-up after 3 months, and then yearly up to 3 years after surgery. Clinical follow-up comprised clinical status, laboratory examination; electrocardiogram, chest X-ray and CT workup [7] . After surgery, it was recommended to cease anticoagulation after 3 months. If in sinus rhythm, then aspirin 100 mg/day, and if in AF 300 mg/day was recommended.
Device description
The LAA Clip System (Atriclip, Atricure, Dayton, OH, USA) consists of a self-closing, implantable clip, a disposable selection guide is used to choose between the four available clip sizes (35, 40, 45 and 50 mm). When closed, the clip applies uniform pressure over the length of the two parallel branches to ensure consistent, reproducible and secure occlusion at the site of the basis of the LAA as demonstrated in the pre-clinical work [8] . For the initial trial, a reusable deployment tool was used. For market introduction, the deployment tool has since been redesigned and is a complete disposable set with the clip loaded within (Fig. 1) .
Computed tomography protocol
All baseline and follow-up CT scans were performed according to the previously published protocol [7] using a dual-source CT scanner system with non-ionic contrast medium, standard scanning and image reconstruction parameters. In brief, LAA neck diameter was preoperatively measured on curved multiplanar reformations through the LAA. The LAA patency was visually analysed by two experienced independent readers in consensus. Patency was defined as the presence of contrast material within the entire LAA. Clip stability was assessed using two different measurements. In patients with contraindication to CT, such as impaired kidney function or refusal to undergo CT, serial chest radiography was deemed sufficient to assess the stability of implant. In all others, CT scan was used to precisely assess clip position and effect on surrounding structures.
This research was conducted in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000, and all patients gave informed written consent.
Statistical analysis
The Kruskal-Wallis test was used to test for significant changes between the parameters average heart rate and heart rate variability during scanning, as well as between the clip location (i.e. distances and angles), LA diameters and LV function parameters across the CT examinations at different dates. A P-value of <0.05 was considered significant. Statistical analysis was performed using commercially available software (SPSS, release 15.0, Chicago, IL, USA).
RESULTS

Mortality and complications
At total of 40 patients were included in this prospective device trial. While early mortality was 10% (4 of 40 patients) due to non-device-related reasons comprising iatrogenic lung bleed ( postoperative day 1), acute postoperative hepatic failure ( postoperative day 16), bleeding due to aortic tear at aortotomy suture line ( postoperative day 20) and out of hospital over anticoagulation-related tamponade ( postoperative day 24) [7] , a total of 36 patients (36 of 40, 90% of the initial cohort) could be successfully included in the follow-up assessments (Fig. 2) .
In the follow-up cohort (n = 36, 100%), mean follow-up consisted of 1285 patient-days and mean duration of 3.5 ± 0.5 years. All 36 patients underwent follow-up at our institution and, during visits, electrocardiogram, laboratory workup and imaging Table 1 .
Occurrence of stroke and neurological events
Only one transient ischaemic attack (TIA) occurred in one patient 2 years after surgery (78-year old patient, CHA 2 DS-VASC = 4) in the setting of documented sinus rhythm with only aspirin and discontinued statins (Table 1) . On CT and TEE, the LAA was occluded and no intracavitary thrombi were seen. This event was thought to be due to carotid plaque, statin treatment and anticoagulation were reinstituted, and no further ischaemic event occurred. In all other patients during follow-up, no strokes, TIA or neurological events occurred (0 of 36, 0.0%).
Heart rhythm and the need for anticoagulation At 3 years, 22 patients were in sinus rhythm (22 of 32, 68.8%) and of the 10 in AF (10 of 32, 31.2%), only 3 (3 of 10, 30.0%) were still being anticoagulated with warfarin (Fig. 3) . The mean CHA 2 DS 2 -VASC Score of the entire study cohort (n = 40) was 3.7 ± 1.7 points.
Imaging findings
On CT, LAA clips were found to be stable, showing no secondary dislocation (Table 2) . Intracardial thrombi were not seen, and Figure 3 : Heart rhythm and anticoagulation status 3 years after clip implantation. At 3 years following clip implantation, 22 patients were in sinus rhythm (22 of 32, 68.8%) and of the 10 patients being in atrial fibrillation, 7 patients did not require the continuation of anticoagulation treatment (7 of 32, 21.9%), while 3 patients (3 of 32, 9.3%) were still being anticoagulated with warfarin.
none of the LAAs were reperfused. LAA occlusion was total and complete in all patients (32 of 32, 100%) (Figs 4 and 5) . In regard to LAA stump, none of the patients demonstrated a residual neck of >1 cm. Importantly, the results of imaging follow-up were consistent after 3 years follow-up in all patients. On chest radiography, the stability of the implant was also clearly documented.
DISCUSSION
Herein we report the first long-term outcome data on epicardial LAA clip application during open heart surgery. In addition to being 100% effective and safe in the short term [6, 7, 8] , the results of this prospective device trial demonstrate the durable occlusion of the LAA for over 3 years with excellent clinical outcomes. Importantly, during follow-up, no strokes occurred and anticoagulation could be often discontinued, most often decided by general practitioners and referring cardiologists. Moreover, our data indicate that successful closure of the LAA by epicardial clipping is applicable regardless of LAA morphology. Overall, no device-related complications occurred, the device performed as it was designed to and fulfilled its purpose of totally excluding the LAA from circulation. LAA occlusion is performed to decrease the incidence of stroke and anticoagulation-related bleeding, and it appears that these complications did not occur in our series. When compared with the CHA 2 DS-VASC score, we have seen a very low rate of thrombo-embolic complications in our series. Considering a mean CHA 2 DS-VASC score of close to 4, the expected stroke rate would have been well above 10% [9] .
It is obvious that the underlying cause of stroke in this population is multifactorial, and not only related to the LAA [10] . That is why we believe that sufficient anti platelet aggregation and also statin treatment, when indicated, must be instituted in these patients when not in sinus rhythm. However, it is important to note that the CHA 2 DS-VASC Score does not take into account LAA perfusion. This score was created on patients in AF with LAA. Therefore, we believe that it is time for it to be revised, or at least used with precaution, as patients with occluded LAAs will present with a decreased risk profile in the setting of nonvalvular AF. With this in mind, it appears that despite lack of data, closure of the LAA has become a well-accepted therapeutic option for patients not amenable for anticoagulation with AF.
Only one large trial allows the conclusion that effective LAA closure provides stroke prevention [4] , even though closure was far from complete in this series. For precisely this purpose we have initiated the creation of a web-based registry (www.laacr. org) to collect long-term follow-up data on all patients undergoing a surgical LAA closure.
While there are several methods to close the LAA, it is obvious that the limitation of surgical LAA occlusion is the invasiveness of the procedure, however effective it might be. For patients undergoing heart surgery, it is our belief that LAA resection or clipping should therefore be performed in the setting of AF or even without AF, but with significant risk factors. This is not only meant for long-term protection but also in regard to the peri-operative risk of thrombo-embolic complications [11] . Only effective LAA therapies providing complete and durable occlusion should be used, as incomplete occlusion will worsen the risk profile and subject these patients to increased risk [5] . In their recent study, Kanderian et al. [5] assessed 137 patients who underwent surgical closure and demonstrated that there is a high occurrence of unsuccessful surgical LAA closure. On the other hand, the results for thoracoscopic ablations for stand-alone surgical treatment of AF, in which the LAA is removed by stapling, are excellent [12] . Thus, whatever option is chosen to address the LAA, documented complete LAA occlusion is essential [5, 7] and must be achieved.
In addition, also endocardial approaches to closing the LAA are currently being used. As surgeons, we believe that the high anatomical variability [13] may make a more tailored approach necessary. Currently, very scarce data are available on these new approaches; nevertheless, the Protect AF trial [4] set the path for this new therapeutic option. Currently, and when compared with our study, in none of the published series a 100% effectiveness is reported for immediate LAA occlusion, and this is a major concern as these patients with contraindications to oral anticoagulation will then require just this [14, 15] .
Another argument in favour of surgical closure is the electrophysiological role the LAA plays, and in particular in AF recurrences after left-sided catheter ablation for AF [16] , in regard to this specific issue, we have demonstrated complete electrical isolation after LAA clip placement [17] . Therefore, it appears that the epicardial approach of LAA removal by staplers or LAA clipping may also provide adjunctive electrophysiological benefits.
Limitations
This was a surgical trial designed to evaluate this new device as a concomitant therapy option in patients undergoing cardiac surgery. The real potential for impact comes in the setting of the treatment for lone AF even in a stroke-prevention scenario, where stand-alone LAA therapies might effectively impact medicine.
CONCLUSION
This prospective device trial demonstrates, for the first time, the long-term safety, durability and efficacy of epicardial LAA clip occlusion using a novel epicardial clip device during cardiac surgery. In this series, no strokes occurred during follow-up, and anticoagulation could often be discontinued. The results show that successful epicardial LAA clip occlusion is applicable to all-comers regardless of LAA morphology. Minimally invasive epicardial LAA clip closure may represent an interesting therapeutic strategy for patients in AF who are not amenable to anticoagulation. Further studies are necessary to establish LAA occlusion as a true and viable therapy strategy for stroke prevention.
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